Background: Triple-combination antiretroviral therapy (CART) for human immunodeficiency virus infection has been in use for almost a decade, but the extent to which treatment success has changed is uncertain. We examined risk of initial virological failure of CART according to the year of starting therapy.
T RIPLE-COMBINATION ANTIretroviral treatment (CART) for human immunodeficiency virus (HIV) infection has been in use for almost a decade. 1, 2 The primary initial goal of treatment is to suppress viral replication, as measured by plasma viral load (VL). Viral suppression enables recovery of CD4 lymphocyte numbers 3 and hence CD4-mediated immune responses, and thereby reduces risk of opportunistic infections and death. [4] [5] [6] Initial response to CART is important, as inadequate viral suppression may result in the development of drug resistance, 7, 8 compromising the effect of the current CART regimen and reducing future treatment options. However, the likelihood of initial CART success may have changed over time, owing to changing drug options, accumulating clinical experience, and increasing understanding of treatment adherence issues by patients and clinicians. We combined data from 5 HIV clinic cohorts to examine trends from 1996 to 2002 in the risk of initial virological and immunological failure of CART according to the year of starting therapy, among previously untreated subjects.
METHODS

SELECTION OF PARTICIPANTS
We used observational databases from 5 HIV clinics in Barcelona, Spain; Frankfurt, Germany; London, England; Calgary, Alberta; and Nice, Italy [9] [10] [11] [12] [13] (Table 1) . Each database contains prospectively collected demographic, clinical, and laboratory information for all patients with HIV seen in each clinic, including start and stop dates for each individual antiretroviral therapy (ART) drug. Information on adherence was not routinely collected. Subjects were selected who (1) started CART (Ն3 drugs, among which was included a protease inhibitor, a nonnucleoside reverse transcriptase inhibitor, or abacavir succinate) from 1996 to 2002 (inclusive) at 16 years or older and had received no previous ART; (2) started CART at least 1 year before the date of last cohort follow-up; and (3) had 1 or more pre-CART VL measurements and CD4 counts (Յ1 year before and Յ5 days after starting CART). All VL assays used had limits of detection of no more than 500 copies/mL.
VIROLOGICAL FAILURE
Based on the first VL measurement from 6 to 12 months (days 183-365) after CART initiation, virological failure was defined as a VL of more than 500 copies/mL according to the following 3 inclusion strategies: (1) including all subjects starting CART, those with missing VL measurements from 6 to 12 months were counted as having virological failure (strategy A); (2) including all subjects with 1 or more VL measurement from 6 to 12 months (strategy B); and (3) including all subjects receiving (any) ART at the time of the first VL measurement from 6 to 12 months (strategy C).
IMMUNOLOGICAL FAILURE
Immunological response was defined according to the first CD4 count from 6 to 12 months after CART initiation, and was counted as failure if the increase in CD4 count from the pre-CART value was less than 50 cells/µL. We used the 3 inclusion strategies (A, B, and C) described in the "Virological Failure" subsection. We also examined the risk of a new clinical AIDS event or death (due to any cause) within the first year of starting CART. The AIDS events were defined according to clinical diagnoses without including CD4 count criteria.
STATISTICAL ANALYSIS
We examined trends in virological and immunological failure from 1996 to 2002 using Poisson regression models with robust standard errors to generate risk ratios and 95% confidence intervals (CIs). 14 We used PROC GENMOD in SAS release 8.02 (SAS Institute Inc, Cary, NC). We examined trends in 2 ways. First, calendar year of starting CART was fitted as a categorical variable to assess the pattern of trends. We used 1999 as the reference category because we hypothesized that trends may differ in the earlier and more recent periods. Second, we used calendar year as a continuous variable in models to estimate average trends from 1996 to 2002 overall and during the time periods from 1996 to 1999 (inclusive) and 1999 to 2002 (inclusive). Risk ratios from these models are referred to as risk ratios for trend per calendar year and represent the average risk ratio for each increase in the year of starting CART. Unadjusted models were adjusted for cohort only. Adjusted models included cohort, risk group (incorporating sex and exposure group), age at starting CART, previous AIDS diagnosis, pre-CART CD4 count, and pre-CART log 10 VL. In further models, we additionally adjusted for the starting regimen defined by the nucleoside combination and the third drug. Variations in trend according to cohort and other factors were assessed using tests of interaction with calendar year as a continuous variable. We performed separate analyses for inclusion strategies A, B, and C throughout.
RESULTS
SUBJECT CHARACTERISTICS
Overall, 3825 subjects from the 5 cohorts fulfilled the inclusion criteria. The numbers starting CART according to calendar year are given in Table 2 . There were changes over timeinthecharacteristicsofsubjectsstartingCART(Table2). Compared with the early period, in recent years there were higher proportions of men and women with heterosexual risk and lower proportions of men with homosexual risk and people exposed via intravenous drug use. Over time there was a small increase in median age at starting CART and a decreaseinmedianpre-CARTCD4count.Medianpre-CART VL and the prevalence of previous AIDS varied little over time. The most frequent type of starting regimen changed over time from a nonboosted protease-inhibitor-containing combination in the early period to a boosted protease inhibitor-containing combination or a nonnucleoside reverse transcriptase inhibitor-containing combination in recentyears.Throughouttheperiod,themostcommonnucleosidecombinationinthestartingregimenwaszidovudinewith lamivudine. Use of stavudine with lamivudine or stavudine with didanosine became less common, whereas use of other nucleoside combinations tended to increase.
VIROLOGICAL FAILURE ACCORDING TO YEAR OF STARTING CART
Of all 3825 subjects who started CART, 3120 (81.6%) had a VL measurement from 6 to 12 months after CART initiation (median, 31.3 weeks), and 2890 (75.6%) were receiving any ART at this time. The percentages of subjects with virological failure according to inclusion strategies A, B, and C were 34.1% (1305/3825), 19.2% (600/3120), and 14.0% (406/2890), respectively. Figure 1 shows crude percentages of subjects with virological failure by year of starting CART. From 1996 to 2002, risk fell from 38.9% to 24.8% for strategy A, 28.4% to 12.0% for strategy B, and 22.8% to 8.2% for strategy C. Figure 2 shows risk ratios adjusted for cohort only (labeled unadjusted) and for cohort plus age, risk group, pre-CART CD4 count, pre-CART VL, and previous AIDS (labeled adjusted 1). Adjustment for these factors had little effect on the pattern of trends; risk fell greatly from 1996 to 1999, with evidence of a further decrease by 2002. Table 3 presents risk ratios for trend per calendar year during the 7-year period, which were 0.90, 0.84, and 0.77 for strategies A, B, and C, respectively, from adjusted models(PϽ.001).Thisrepresentsa48%(95%CI,39%-56%) reduction in risk over the entire 7-year period for strategy A, a 64% (95% CI, 53%-73%) reduction for strategy B, and a 79% (95% CI, 69%-85%) reduction for strategy C. The trend was greatest when we considered only subjects who continued to receive ART (strategy C), because reductions over time in the probability of having a missing VL and of discontinuing ART were modest (Figure 1 ), and therefore including these subjects diluted the trend. Table 3 also presents trends according to time period. Reduction in risk of virological failure was most marked from 1996 to 1999, with weaker trends from 1999 to 2002.
We examined whether reductions in risk of virological failure could be explained by changes over time in starting regimens. Figure 2 and Table 3 also present risk ratios after further adjustment for the starting regimen (labeled adjusted 2), defined by the third drug and nucleoside combination. Trends were attenuated after adjustment for starting regimen, but remained highly significant across the 7-year period. There remained a substantial reduction in risk from 1996 to 1999, but there was no clear trend subsequently. Table 4 provides the risk ratios of virological failure for demographic factors, pre-CART characteristics, and starting regimen from models including all factors plus cohort and calendar year. Risk group was strongly associated with virological failure; heterosexual men and women, intravenous drug users, and subjects with other exposure had greater risk of failure than did homosexual men. Risk of failure was lower among older people and was higher among those with previous AIDS. These associations were broadly consistent for strategies A, B, and C. A higher pre-CART VL was associated with greater risk of failure for strategies B and C. Risk of virological failure also Abbreviations: CART, triple-combination antiretroviral therapy; IDU, intravenous drug user; NNRTI, nonnucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; PI, protease inhibitor.
OTHER FACTORS AND RISK OF VIROLOGICAL FAILURE
*Based on clinical diagnoses without including CD4 count criteria. †For delavirdine, n = 5; for loviride, n = 1.
varied according to starting regimen. Compared with regimens including other single nonboosted protease inhibitors, regimens containing saquinavir mesylate hard-gel capsules tended to be associated with higher risk of failure, whereas boosted protease inhibitor-and efavirenzcontaining regimens tended to be associated with lower risk. There was less variation in risk according to nucleoside combination, although there was some suggestion that lamivudine combined with zidovudine was associated with lower risk than other combinations.
VARIATIONS IN VIROLOGICAL FAILURE TRENDS
Trends in virological failure did not differ significantly by age group (Ͻ30 vs Ն30 years), previous AIDS, baseline CD4 count (Ͻ200 vs Ն200 cells/µL), or baseline VL (Ͻ5 vs Ն5 log 10 copies/mL) (PϾ.05 for interaction between each factor and calendar year, from adjusted models). However, there was evidence that trends varied according to risk group. Reductions over time in failure risk tended to be greater among homosexual men than other risk groups combined. Risk ratios for trend per calendar year over the 7-year period for homosexual men vs other groups were 0. Figure 1 . Crude proportions of subjects with virological failure by year of starting triple-combination antiretroviral therapy (CART). Virological failure is defined as viral load (VL) greater than 500 copies/mL based on the first VL from 6 to 12 months. Strategy A includes all patients, with missing VL measurements counted as virological failure; strategy B, all patients with VL measurements; and strategy C, all patients receiving any antiretroviral therapy (ART) at VL measurement. VL indicates viral load. . The reference year is 1999. Virological failure is defined as viral load (VL) greater than 500 copies/mL based on the first VL from 6 to 12 months. Strategy A (A) includes all patients, with missing VL measurements counted as virological failure; strategy B (B), all patients with VL measurements; and strategy C (C), all patients receiving any antiretroviral therapy at VL measurement. Unadjusted models were adjusted for cohort only. Adjusted 1 models included cohort, risk group (incorporating sex and exposure group), previous AIDS diagnosis, pre-CART CD4 count, age at starting CART, and pre-CART log 10 VL. Adjusted 2 models included all factors in adjusted 1 models plus the starting regimen defined by the nucleoside combination and the third drug.
TRENDS IN IMMUNOLOGICAL FAILURE AND RISK OF AIDS AND DEATH
The overall proportions of subjects with immunological failure were 38.5% (1473/3825), 24.5% (765/3117), and 21.3% (613/2884) for strategies A, B, and C, respectively. 
COMMENT
These results demonstrate dramatic improvements in initial treatment success of first CART among previously untreated individuals in routine clinical practice. After accounting for changes in patient characteristics, estimated relative reductions in risk of virological failure from 1996 to 2002 were 48%, 64%, and 79% for our 3 inclusion strategies. Risk of immunological failure also fell substantially during the period, although trends were weaker than those for virological failure.
METHODOLOGICAL ISSUES
We chose definitions of virological and immunological failure based on a single measurement to minimize bias due to changes in measurement frequency over time, and used 3 inclusion strategies. Substantial reductions over time in risk of failure were apparent in each case. We excluded 1417 otherwise eligible subjects who had no pretreatment VL measurement and/or CD4 count within the specified window. Inclusion of these subjects in an unadjusted analysis resulted in trend estimates identical to those of the unadjusted trends presented in this report, suggesting that their exclusion did not bias trends. Our analysis could not account for factors such as coinfection, comorbidity, sociodemographic factors, and participation in clinical trials. However, adjustment for known demographic and pre-CART characteristics did not attenuate trends. There was evidence of heterogeneity in virological failure trends between clinics, with the magnitude of trends differing according to cohort, although no single cohort was driving the trends. These results are generalizable to the extent that they represent an average across a group of representative HIV clinics in industrialized countries. In Europe and Canada, health care is free at the point of use, and most patients with a diagnosis of HIV receive care at specialist clinics. It is possible that virological failure rates and trends may differ in industrialized countries with other systems of HIV care. This study was concerned with initial response to CART; trends in long-term failure risk may differ. ||Indicates adjusted for all of the above factors plus the starting regimen as defined by the third drug and nucleoside combination ( Table 2) . ¶Includes all subjects with viral load measurements. #Includes all subjects receiving (any) antiretroviral therapy at viral load measurement.
CALENDAR TIME AND TREATMENT RESPONSE
Calendar time is recognized as a potentially important correlate of virological response to CART, [15] [16] [17] [18] but few studies have quantified trends in initial treatment success since CART introduction. In the Swiss cohort study, subjects starting protease-inhibitor-containing CART in 1997 through 1998 were 30% more likely to achieve viral suppression than those starting in 1995 through 1996 (adjusted for previous ART). 19 Subsequent information comes predominantly from the EuroSIDA study. Significant improvements over time in virological response to CART were found for ART-naïve subjects in the EuroSIDA study. 20 As with this present study, the greatest improvements occurred in the initial years, from 1996-1997 to 1998-1999, with smaller changes subsequently. The effect on trend estimates of accounting for the starting regimen was not presented. In an analysis of treatment-experienced individuals in the EuroSIDA study who started nevirapine-or efavirenzcontaining CART from mid-1997 to 2000, the strong inverse associations of calendar year with virological failure and clinical progression were no longer apparent after adjustment for regimen characteristics, previous ART, and other factors. 21 This appears consistent with our results among ART-naïve subjects, which showed no clear evidence of improvement in virological response since 1999, once the starting regimen was taken into account. The Danish HIV cohort found a substantial reduction in risk of tripleclass virological failure among patients starting CART from 1996 to 2003 (including ART-naïve subjects and those who had received previous ART). 22 In this case, however, the trend appeared at least as strong from 1999 onward as in the early years, which may also reflect trends in response to second-or third-line as well as initial CART. Further evi- Abbreviations: CART, triple-combination antiretroviral therapy; CI, confidence interval; IDU, intravenous drug user; NNRTI, nonnucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; PI, protease inhibitor; RR, risk ratio; VL, viral load.
*Models adjusted for all factors shown plus cohort and calendar year as categorical variables. †Includes all subjects, with missing VL measurements counted as virological failure. ‡Includes all subjects with VL measurements. §Includes all subjects receiving (any) antiretroviral therapy at VL measurement. ||Indicates reference category.
¶Based on clinical diagnoses without including CD4 count criteria.
dence from the EuroSIDA study also suggests an improvement over time in virological and immunological responses to salvage regimens, although response patterns in specific time periods were not examined.
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EXPLANATIONS FOR TRENDS
When CART was first used, the most common starting regimen was a single nonboosted protease inhibitor in combination with 2 nucleosides. This combination tended to be associated with poorer virological outcome than 2 nucleosides combined with a boosted protease inhibitor or efavirenz-the most common regimens in recent years. Because of the strong correlation between starting regimen and calendar year, it is difficult to disentangle the effects of each factor. Our analysis suggests that changes in starting regimens partially accounted for the reduction in risk of virological failure, but did not fully explain the trend, particularly during the early period from 1996 to 1999. In addition, trends were not explained by decreasing rates of ART discontinuation or increasing rates of early treatment change, because reduction in risk of virological failure was strongest in the analysis including only subjects who continued to receive ART (strategy C), and a similarly marked trend was apparent among the subgroup who continued their starting regimen (data not shown). The early improvement in virological response that was independent of the starting regimen could reflect a general increase in adherence to treatment, resulting from accumulating clinical experience, more effective clinical management, and perhaps an increase in patients' knowledge about treatment. The existence of a learning curve in the implementation of a new treatment has been recognized for medical and surgical interventions, 24 and may be particularly applicable to complex drug combinations such as those used for HIV. Over time, physicians may learn how best to advise patients regarding treatment adherence, how frequently to monitor patients, and how to manage adverse effects. Additional services (such as pharmacy services and counseling) may also expand and develop over time. Other studies give some support to the role of clinical experience in HIV treatment success in the CART 25 and pre-CART 24, 26 eras. The marked reduction in risk of virological failure from 1996 to 1999 may also reflect a change in emphasis from achieving a reduction in VL to attaining maximal viral suppression, [27] [28] [29] particularly in view of the introduction of increasingly sensitive VL assays. This may be one reason why trends in virological failure were stronger than those for immunological failure in the initial years. Other possible reasons are that immunological response may be less sensitive to factors such as small differences in adherence or regimen potency, and that CD4 count is a more variable measure than viral load. There was no trend over time in risk of clinical AIDS or death during the first year after CART. Initial treatment failure may have an impact on these end points during a longer period, particularly among subjects who start CART with moderate or high CD4 counts.
CONCLUSIONS
During a 7-year period of CART use in clinical practice, the risk of initial virological failure of treatment among these clinic populations has fallen by at least half. This trend is partly explained by improvements in starting regimens, but other factors such as increasing clinical experience probably played an important role, particularly in the first few years. For subjects starting CART who continue to receive treatment, initial failure risk is now very low and may have fallen as low as is realistically possible. The small remaining risk of initial failure despite continued ART may be due at least in part to factors such as suboptimal adherence or infection with a resistant virus. Initial failure due to complete treatment discontinuation or loss to follow-up remains more common, suggesting potential for continued improvement in future years with simpler, less toxic regimens and increasingly effective clinical care. 
